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DIAGNOSTIC AIR MONITORING AND RELATED SAMPLING EQUIPMENT
FOR RADIOACTIVE AND TOXIC PARTICULATES

INTRODUCTION

Today's presentation will consist of three major parts: (1) the General Air-Monitor-
ing Program employed at the Y-12 Plant; (2) the Diagnostic Air-Monitoring Program
which some call Breathing-Zone, Operational-Type Air Sampling; and (3), if time
permits, | would like to show you some slides of the Y-12 Plant's air-sampling

equipment which may be of interest to you.

GENERAL AIR MONITORING PROGRAM

The general air monitoring program in the Y-12 Plant is considered unique. Y-12 is
possibly the only plant in the world that uses an IBM aperture card equipped with a

filter medium to collect air samples.

Advantages

| would like to emphasize several of the advantages of this system: (1) air samples
and air-sample records are combined into one unit; (2) the possibility of laboratory
error inrecording and correlating sample results with sample locations is eliminated;
(3) @ means of automation of analysis isprovided for most of the air-monitoring pro-
grams which use a filter paper for a collection medium; (4) air-sampling and labora-
tory analysis costs are reduced; (5) a means of centralized air-sample analysis is
provided which permits practical air monitoring in areas where laboratory services

are not available (that is, we can program input data cards that could be returned




to our laboratories for processing at a very reasonable cost); (6) commercially avail-
able card-handling equipment which has already been perfected and developed is
utilized; (7) practical and universal standardized sampling collection procedures
can be established; (8) a large number of samples can be processed automatically,
and (9) convenient storage of sample results for future reference in the case of his-
torical records, legal records, and statistical comparisons with other related programs

is achieved.

Equipment and Operation

IBM aperture cards for the general air monitoring system are procured commercially
with a Whatman 41 filter-paper disc mounted and ready for use. These cards are
prepunched as to sampling location, date, air volume, and the time that the sample
is to be taken. The sample location and date are printed at the top of the card so
that the operator, as shown in Slide 1, can change these cards in the air-sampler
holders with a minimum of effort. The sample—card holder is constructed from
molded polypropylene. The cost of this sampling head, recently developed at Y-12,
is approximately forty-eight cents compared to conventional sampling heads which
are commercially available at nine or ten dollars. After the cards have been col-
lected in the field, they are transported to our plant laboratory for automatic
counting. The counting system which we use (Slide 2) consists, simply, of a mod-
ified IBM machine—a standard 0 - 26 |IBM key punch which hasbeen equipped with
a scintillation counter containing a zinc sulfide crystal. The aperture cards are re-
placed in the scintillator for counting. To maintain effective analytical control,

standards and blanks are placed in the counter with the actual sampling cards.
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Slide 1. OPERATOR CHANGING AN APERTURE SAMPLE CARD
FROM THE SPECIAL CARD HOLDER.

In Slide 3 wesee the electronics which are associated with this card-transport mech-
anism. The counts that are detected by the scintillation counter are registered and
recorded by a Berkeley scaler. The rate meter clears itself, but the counts that
were "seen" previously are placed in the memory system. Then the results are
punched automatically into the proper card. This memory system has several unique

features one of which is its ability to recognize known standards that are going

through the counting process. |f these standards do not at any time count within
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Slide 2, 1BM 0-26 KEY PUNCH MACHINE EQUIPPED WITH A SCIN-
TILLATION DETECTOR.

108505(U)

Slide 3. COUNTER ELECTRONICS ASSOCIATED WITH THE 0-26
KEY PUNCH MACHINE.

certain established limits, the counter will automatically shut off, flash a light, and
sound a bell to indicate that something is wrong. Also, the memory system has the

ability to recognize blank cards which are placed within a deck of cards during a




normal run of samples. |f the background at any time changes significantly from
one sample to another, here again the instrument will cut off, flash a light, and
ring a bell. There is another feature of this instrument. As you well know, general
air-type monitoring generates a considerable amount of negative data; however, we
are mainly interested in looking and seeing indications of possible higher concen-
trations or anticipating the problem locations. Thus, cards that have little activity
on them are only counted for one minute. But, if a card comes through with signifi-
cant levels (above a given established limit), the card is counted for six minutes
for better counting statistics. Upon completion of the counting process, an 1BM 1401
computer is used to tabulate, calculate, and print out the area locations where the
samples were obtained. With this equipment, between three and four hundred
samples can be processed automatically in approximately five minutes, This auto-
mated processing of the aperture cards provides a print out of data which can be
used by area supervision and monitoring groups to evaluate the effectiveness of the

control in areas from a general air-monitoring standpoint.

Potential Applications

The application of this principle of using and combining IBM cards with a filter
medium, or with many types of samples, is virtually unlimited. It is easy for me
to imagine that this is a logical technique to be used for optical-density measure-
ments where repetitive-type measurements are taken, namely: colorometric anal-
ysis, spectrographic analysis, and X-ray analysis. Certain medical programs in
hospitals (for example,blood tests) could be placed on a sensing filter of some type.

The use of this sensing filter would permit an automatic read out and tabulation of




data. Also, the results obtained could be recorded on the same type of card.
Thus, the card, sample, and data would be prevented from becoming separated
from the original source, thereby providing a high integrity for the analysis. | may
add, as a result of Y-12 using this particular principle, the Biology Division of the
ORNL is now placing their tissue slides on IBM aperture cards. A Mylar film is
mounted in the aperture, then the actual tissues are floated upon the Mylar film
and are fixed. This method provides a means of cataloging and storing slides and
keeps the data and records from becoming separated from their respective slide.
The process of using Mylar film for microscopic slides was perfected at Duke Uni-
versity; but, to my knowledge, the ORNL Biology Division is the only group that is
using the process in conjunction with the aperture cards. The elimination of con-
ventional glass slides by this method constitutes a saving of thousands of dollars a

year.

DIAGNOSTIC AIR MONITORING

The second portion of my presentation will be devoted to diagnostic air monitoring
as employed in the Y-12 Plant. It is our philosophy that if you can control a con-
taminant at the source, you really have no air-monitoring problems. The equipment
| would like to show in the next series of slides is the equipment that we use in our

diagnostic air-monitoring program.

Equipment

Slide 4 shows a typical setup for monitoring air concentrations generated while

moving material in and out of a dry box. The sampling unit shown is a standard

T AR I M et
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Slide 4. HIGH-VOLUME AIR SAMPLER WITH A TIMER ACTIVATED
BY A MICRO SWITCH.

high-volume, air-sampling unit equipped with a timer which operates in conjunction
with the sampler. The sampler is activated by a micro switch which may be seen in
the upper left-hand corner of the dry-box door. The sample is only operational
when the door is in the "open" position. This type of sampling can reveal: (1) the
effectiveness of the equipment for containment, and (2) something about the oper-

ator's efficiency and his technique.

Slide 5 indicates how photoelectric cells can be used as the sampler's activating
device. When the employee is at the box in the normal operating position, he
breaks the light beam which,in turn, opens a solenoid valve equipped with acritical
orifice. The valve is connected to the house vacuum system and activates the sam-
pler located approximately at the breathing zone of the operator. The timer records

the total sampling time. This little device, including the photoelectric cells, costs
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Slide 5. TWO-INCH AIR SAMPLER POWERED BY THE HOUSE VACUUM
WITH THE SOLONOID VALVE AND TIMER ACTIVATED BY PHOTO-
ELECTRIC CELLS.

less than fifty dollars to assembly. | may add that the photoelectric cell and timers

are commercial items.

A gray box can be'seen on the left-hand side of Slide 6. We call the box a master-
control air-sampling center. This equipment can be used in conjunction with the
house vacuum system, with a high-volume sampler (as shown here), or with any
other type of pumps or air-moving devices. On the front of this box is a series of
recepticles which can accept a variety of activating devices. In this particular
operation an electronic carpet is in use. When the operator is standing on the
carpet, the sampler operates. When the operator leaves that particular location,
the sampler stops. The length of time spent working at this operation is recorded by
the timer in the system. Additional timing units and samplers at different locations

in an operating area can be controlled by this unit, For example, this parficular
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Slide 6. MASTER AIR-SAMPLING CONTROL CENTER ACTIVATED
BY AN ELECTRONIC CARPET.

operator has a series of given tasks to do at different locations. By utilizing this
device we can sample the concentrations associated with each given operation.
These units cost approximately one hundred dollars to fabricate and build. Notice
the clip board which is located at the right of the operator. We ask the operators
to record their names, the type of operation, and the type of material that they are
handling. Therefore, when the sample results are obtained, we have a complete

story concerning what operation took place, the individual's name, and the sam-
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pling date. These instruments permit sampling during off shifts without the presence
of Health Physics or Industrial Hygiene personnel. This type of monitoring has been

the backbone of our diagnostic program,

AIR MONITORING EQUIPMENT

The third portion of my presentation will be used to describe some of the miscellan-

eous air-monitoring equipment which is currently in use at the Y-12 Plant.

Stack Sampler

Slide 7 is a typical standardized stack sampler. This device is a rake-type probe
sampler which we have adapted for all of our stack-monitoring programs. It is a
semi-isokenetic-type sampler. The nozzle holders are adjusted to the velocity of
the stack. All probes sample at the rate of one cubic foot per minute. As shown,
the disconnect paper holder can be easily removed for impinger sampling of gases or

vapors.,

Portable Florotometer

Slide 8 shows a device and depicts a technique for sampling where uranium is the

contaminant and where normal decay time prior to analysis is not necessary. The

Stack

t Vacuum Pump

—-— 1/2-Inch Tubing ]
‘g / i) 7

Disconnector

Rotometer

1 1/4<Inch-Diameter
Paper Holder

Slide 7. TYPICAL STANDARDIZED STACK SAMPLER.
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Slide 8. AIR-SAMPLING APPARATUS AND PORTABLE FLOROTO-
METER.

technique works as follows: A high-volume air sampler is equipped with an angular
impactor. The platinum impacting plate is coated with a thin layer of water-soluble
grease. After the sampling period is completed and the particles are impinged on
the plate, the plate is removed. A low-temperature flux (potassium fluoride) is
placed in the-plate. The torch is used tomelt the flux, making a fluorescent button.
The sample is thenplaced in a florotometer which is equipped with a series of stand-
ards made on nonhydroscopic lithium fluoride. The flashlight, which you see pro-
truding from the top of the instrument, is an ultraviolet-ray flashlight, When the
sample is positioned and the small door on the side of the florotometer is closed,
the fluorescence of the standards can be matched against the sample that was taken.
Standards have been prepared from a half part per million up to ten parts per million.
When the specific activity of the uranium is known, it is easy to calculate actual

air-borne concentrations.
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Qutside Air Monitor

Slide 9 shows a typical outside air monitor equipped for paper=filter as well as im-
pinger monitoring. This unit uses a Lehman carbon-vein oilless pump requiring
essentially no maintenance. Previous systems required considerable maintenance
such as oiling several times a week. Since these units are operated 24 hours a day,
365 days a year, maintenance of previous systems became very expensive; however,

the only maintenance required on the oilless pump is that the veins (costing sixty-

116738(V)

Slide 9. TYPICAL OUTSIDE AIR MONITOR.
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five cents) must be replaced after 12 to 18 months of continuous operation. Main-
tenance time required to change the veins in one pump is approximately thirty

minutfes,

Vehicular Samplers

In Slide 10 we see an example of one of our vehicular samplers which is powered
by the intake manifold of the vehicle. This unit will sample one cubic foot of air

per minute and can be used with a filter paper and/or impinger.

116742(U)

Slide 10. VEHICULAR SAMPLER.

Compact Sampler

Slide 11 shows aprototype of a compact sampler. Each time an automobile traverses

the rubber hose, the piston is activated which, in turn, activates the bellows. The
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Slide 11. BELLOWS AIR MONITOR.

action of the bellows sucks the air on the expandingstroke and arelief valve releases
the air from the bellows on the exhaust stroke. This type of unit will be used in

remote areas not having regular power outlets,

| have talked generally about the sampling techniques and equipment that we use
in our uranium processing areas; however, the techniques, principles, and equip-

ment discussed here are used extensively in sampling many other air pollutants.




